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To all whom it may concern: 

Be it known that I, Joun Ampross FLEM- 
inc, professor of electrical engineering, a sub- 
ject of the King of Great Britain, residing at 
University College, Gower street, London, in 
the county of Middlesex, England, have in- 
vented certain new and useful Improvements 
in Apparatus for Measuring the Length of 
Electric Waves, of which the following is a 
specification. : 

This invention has for its object improve- 
ments in apparatus for measuring the length 
of electric waves and especially of long waves 


‘such as are used in wireless telegraphy. For 


this purpose: the waves to be measured are 
caused to induce other waves ina coil of wire 
means being provided for varying the opera- 
tive length of this coil in such a manner that 
as nearly as possible one or more complete 
stationary waves are set up the length of the 
waves to be measured being deduced from the 
length of coil required for this purpose. 

The invention also relates to a means for 
ascertaining when a complete stationary wave 
has been set up in the coil. 

Figure 1 is a diagrammatic side elevation 
showing the apparatus applied to a wireless- 
telegraph transmitter and Fig. 2 is an end 
elevation to a larger scale of the apparatus. 

The instrument consists of a long coil K’ K° 
of a fine copper wire insulated with silk which 
is wound in one single layer in closely-adja- 
cent turns on a rod K’ of ebonite, glass or 
other highly - insulating material, ordinary 
wood is not suitable. The wire should be a 
rather fine silk-covered copper wire, prefer- 
ably one about half a millimeter or less in di- 
ameter and I have used a wire of the size 
called ‘‘No. 32” or “No. 86” standard wire- 
gage. The diameter of the ebonite or insulat- 
ing rod may be three or four centimeters, as 
found most convenient, and its length may be 
two or three meters in all. This long helix 


‘is supported on insulating-stands, such as é 


é é, preferably of glass or ebonite, at a height 
of a couple of feet above the ground or table. 
One end K’ of this helix is connected toa 
metal plate which may be a square or circu- 


lar metal disk, say six inches in diameter. 


This plate forms one of the plates of a small 
air-condenser CO’. On the helix K’ K’ slides 


a metal saddle D padded with tin-foil or other 





flexible metallic material to cause it to make 
good contact with the surface of the insulated 
spiral wire. This saddle is connected by a 
stout wire w with a good earth-plate K*. The 
saddle D has an insulating-handle and fits 
closely on the helix K’ K*. The transmitter 
may be of any usual type, that shown consists 
of an induction-coil I which has its secondary 
terminals connected to a spark-gap S and the 
spark-balls are connected by acondenser Cand 
by the primary coil of an air-core transformer 
T, the secondary circuit of which is inserted 
between an aerial wire A and an earth-plate E’. 
To some point on this aerial above the oscilla- 
tion-transformer I, I connect a small plate of 
metal which may be square or round, say six 
inchesin diameter. This plate, together with 
the corresponding plate at the end K’ of the 
helix K’ K’ forms an air-condenser C’.. When 
the induction-coil is in operation, sparks pass 
at the gap S due to the discharge of the con- 
denser C and these set up in the aerial wire 
A electrical oscillations having a certain fre- 
quency. To determine this frequency I em- 
ploy a vacuum-tube of the kind ordinarily 
used in spectrum analysis, consisting of aslen- 
der glass tube ending in two bulbs. These 
tubes are filled with rarefied gas which may 
be carbonic-acid gas, hydrogen, helium, or 
neon, the latter giving particularly good re- 
sults. Itisalso desirable that the glass should 
be made fluorescent by being impregnated 
with uranium. 

The oscillations in the aerial wire A act 
through the condenser C’ upon the long helix 
K’ K’* and in accordance with well-known 
principles they set up in this helix stationary 
electric waves which travel along the helix 
with a certain velocity and are reflected at the 
saddle D. If the saddle D is moved to such 
a position that the distance K’ D is equal to 
one complete wave length of a stationary 
potential wave upon the helix, then if we 
hold the vacuum-tube above described at a 
point V’ half-way between K and D it will 
not be illuminated because at that point the 


electric potential in the air near the spiral is. 


extremely small, but if the vacuum-tube is 
held at points V’ or V* which are respectively 
one-fourth or three-fourths of the way from 
K’ D it will be brightly illuminated. Jf how- 
ever the saddle D is placed at any other posi- 
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tion which is not an exact wave length or mul- 
tiple of the wave length then there will be no 
such regular distribution of potential but the 
vacuum-tube will either glow or not glow ir- 
regularly in any position. It is therefore 
possible to ascertain the length of an electric 
wave on the helix by the glow or the absence 
of glow in the vacuum-tube when held at these 
standard positions. If the helix is sufficiently 
long it is possible to so adjust the position of 
the saddle D that the distance K D shall be 
one complete wave length corresponding to 
the frequency of the oscillations set up in the 
aerial wire A. The velocity with which elec- 


‘trie waves travel along the helix K’ K? is 


measured by the reciprocal of the square root 
of the product of the capacity and inductance 
per unit of length of the helix, and these quan- 
tities, viz:—the capacity ¢ per unit of length 
of the helix with respect to the earth and the 


inductance / per unit of length of the helix. 


can be determined by methods which are 
known to every electrician, hence we can de- 
termine the velocity W with which the poten- 
tial travels along the helix for 


1 
W=-= 
Vel 
Also if we call the wave length of the sta- 
tionary wave on the helix, A, and the frequency 
of the oscillations, 1, then W, 72 and A are 
connected by the following equation 


1 
W =n X a= oo 
- “el 

Hence from the computed value of W and the 
measured value of A we can determine the 
frequency of the oscillations 2. But this fre- 
quency must be the frequency of the oscilla- 
tions in the aerial A. If 4 be the length of 
the electric wave radiated from the aerial A 
then 4 is equal to the velocity of light divided 
by the frequency of the oscillations 7. 

Now the velocity of light is known to be 
3 x 10” centimeters per “second or one thou- 
sand million feet per second. Hence we ob- 
tain the following rule for measuring the 
wave length of the waves emitted by the aerial 
A. If, as stated, we call the length of this 
wave 4 then we have the following equation 
for the determination of 4 in terms of the 
observed stationary wave length ’ on the he- 
lix and the velocity of the wave along the 
helix which can be determined from measure- 
ment of its capacity and inductance per unit 
of length. 


A = 1,000,000,000 A “¢ 7 feet. 


In order to prevent the stationary waves on 
the helix from being disturbed by the elec- 
trie waves passing through space which are 
radiated from the aerial it is generally neces- 
sary to interpose a large sheet of metal be- 
tween the aerial and the helix K’ K*. This 





804,189 


sheet of metal must have a hole cut in it, just 
large enough to have the end of the helix 
K’ K? to pass through it and the sheet must 
also be connected to the earth. In place ofa 


| metallic plate, a sheet of metallic gauze may 


be used or even cloth or paper covered with 
tin-foil. 

It is convenient to attach to thestands ¢ 2 é 
a scale E and to the saddle Da pointer D’ by 
which the distance of the saddle D from the 
end K’' of the helix may be read off at once 
and this scale may be so divided as to show 
the length of the wave emitted by the aerial 


A directly i in feet or meters. 


What I claim is— 

1. Inanapparatus for measuring the lengths 
of electric waves, the combination of a coil of 
wire, the effective length of which may be va- 
ried, and an instrument movable with relation 
to the coil for indicating the presence of a 
complete stationary electric wave therein. 

2. Inan apparatus for measuring the lengths 
of electric waves, the combination of a coil of 
wire, the effective length of which may be va- 
riéd, an instrument, movable with relation to 


the coil, for indicating the presence of a com- 


plete stationary electric wave therein, and an 
index of the length of the coil within which 
the complete stationary wave exists. 

3. Inan apparatus for measuring the lengths 
of electric waves, the combination of a coil of 
wire, the effective length of which may be 
varied, means for producing electrical oscil- 
lations in the coil, and means for ascertaining 
when a complete stationary wave has been set 
up in the coil. 


4, Inanapparatus for measuring the lengths ° 


of electric waves, the combination of a coil of 
wire, a conducting-saddle movable along the 
coil and connected to earth, means for pro- 
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ducing electrical oscillations in the coil, and ~ 


means for ascertaining when a complete sta- 
tionary wave has been set up in the coil. 

5. Inan apparatus for measuring the lengths 
of electric waves, the combination of a coil of 
wire, means for varying the effective length 
of the coil, means for producing electrical os- 
cillations in the coil, and a glow vessel, mov- 
able along the coil, for indicating when acom- 
plete stationary wave has been set up in the 
coil. 

6. Inan apparatus for measuring the lengths 
of electric waves, the combination of a coil of 
wire, a conducting-saddle movable along the 
coil and connected to earth, and a glow ves- 
sel, movable along the coil, for indicating 


up in the coil. 

7, Inanapparatus for measuring the iets 
of electric waves, the combination of an appa- 
ratus for generating electrical oscillations, a 
coil of wire, a condenser, one plate of which 
is connected to the generator and the other 
to one end of the coil, means for varying the 


operative length of the coil, and means for 
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ascertaining when.a complete stationary wave 
has been set up.in the coil. 

8. Inan apparatus for measuring the lengths 
of electric waves, the combination of an appa- 
ratus for generating electrical oscillations, a 
coil of wire, a condenser, one plate of which 
is connected to the generator and the other to 
one end of the coil, a conducting-saddle mov- 
able along the coil, and connected to earth, 
and means for ascertaining when a complete 
stationary wave has been set up in the coil. 

9. Inan apparatus for measuring the lengths 
of electric waves, the combination of an appa- 
ratus for generating electrical oscillations, a 
coil of wire, a condenser, one plate of which 
is connected to the generator and the other to 
one end of the coil, means for varying the 
operative length of the coil, and a glow ves- 
sel movable along the coil for indicating when 
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a complete stationary electric wave has been 
set up in the coil. 

10. In an apparatus for measuring the 
lengths of electric waves, the combination of 
an apparatus for generating electrical oscilla- 
tions, a coil of wire, a condenser, one plate 
of which is connected to the generator and the 
other to one end of the coil, a conducting- 
saddle movable along the coil and connected 
to earth, and a glow ‘vessel movablealong the 
coil for indicating when a complete station- 
ary electric wave , has been set up in the ¢oil. 

11. An instrument for detecting electrical 
oscillations consisting of a glow vessel con- 
taining neon. 

JOHN AMBROSE FLEMING. 

Witnesses: 

H. D. Jameson, 
F. L. Ranp. 
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